From non-LTE analysis of the neutral oxygen triplet (7771-7775 Á) absorption-line strengths on KPNO 4 m echelle plates, we have determined oxygen abundances and oxygen-to-iron ratios for a large number of field RR Lyrae stars covering the range in iron abundance + 0.1 > [Fe/H] > -2.2. We have found that ( 1 ) RR Lyrae stars at the metal-poor end of the range have [O/Fe ] values near zero. This is somewhat surprising since previous studies of metal-poor field stars have found oxygen to be enhanced relative to iron. (2) RR Lyrae stars at the metal-rich end of the range have [O/Fe] values between + 0.25 and + 0.95. Again, this result is in disagreement with expectations based on studies of other field stars in the disk. (3) The abundance sum C + N + O, or its possible range, has been determined. For most stars, including those at the metal-rich end of the range, the ratio (C + N + 0)/Fe is high relative to the solar value. Possible explanations for these results are discussed.
I. INTRODUCTION
RR Lyrae stars are thought to be in a post-helium flash, but pre-double shell burning, evolutionary state; i.e., they are horizontal-branch stars in the color-magnitude diagram. Although it is the CNO-group abundance that has been shown to be important in determining the structure and evolution of horizontal-branch stars (Faulkner 1966; Rood 1970 Rood ,1973 Gross 1973; Sweigart and Gross 1976; Castellani and Tomambe 1977; Demarque 1980) , it is the iron-peak (and alpha-processed) elements that have received spectroscopic attention (Preston 1959 (Preston , 1961 Rodgers 1974; Butler 1975; Butler e/a/. 1976 Butler e/a/. ,1978 Butler e/a/. ,1979 Butler e/a/. ,1982a Smith and Butler 1978; Butler and Deming 1979; Keith and Butler 1980; Smith 1984) . Availability of large reflecting telescopes with efficient spectroscopic data acquisition and storage systems, and high-speed, large-capacity computers (for solution of the non-LTE radiative-transfer problem for oxygen) allow a departure from this tradition, making possible a determination of the heretofore elusive CNO-group abundances for field RR Lyrae stars.
In the first of this two-paper series, Butler et al. ( 1982b, hereafter referred to as Paper I) determined carbon abundances and carbon-to-iron ratios for 11 field RR Lyrae stars, while upper limits were estimated for eight others. It was noted that the field RR Lyrae stars that are not so metal poor that the carbon lines are absent have [C/Fe] values that are similar to those of unevolved, old disk and Population II a) Visiting Astronomer, Kitt Peak National Observatory, National Optical Astronomy Observatories, operated by the Association of Universities for Research in Astronomy, Inc., under contract with the National Science Foundation.
stars (Clegg 1977; Peterson and Sneden 1978; Clegg, Lambert, and Tomkin 1981; Laird 1985) . Nitrogen abundances were determined for three stars.
In the present paper, we report our results for oxygen abundances and discuss the CNO abundances as a whole.
II. OBSERVATIONS
Spectra of 19 field RR Lyrae stars were obtained with the Kitt Peak 4 m telescope and echelle spectrograph. We used the 79 lmm _1 echelle grating and 227-2 cross disperser, which give a reciprocal dispersion of 7.95 Â mm -1 at 7775 Á. A Carnegie image-tube module with vacuum/hydrogen hypersensitized IIIa-J plates was used in conjunction with the Singer camera. Our 40// projected slit width resulted in resolution of about 0.45 Á at 7775 A. The plates were traced on the KPNO PDS microdensitometer, and a triangular line profile was adopted for the equivalent-width measurements.
(Additional information about equipment configuration and observing technique, as well as ajournai of spectroscopic observations, is given in Paper I.) In Table I we present our equivalent-width measurements for the Oi triplet: A 7771, A 7774, and A 7775. TV Boo is not included because the O lines were not measurable on that plate.
HD 109995 is a relatively bright nonvariable field horizontal-branch star, and it was oberved mainly for control purposes. The iron abundance reported for it in Paper I, [Fe/H] = -1.6 + 0.2, compares favorably with the older value of -1.44 of Kodaira, Greenstein, and Oke (1969) . Kodaira and Tanaka (1972) 
III. ABUNDANCES
The atmospheric models used for analysis of our oxygen line strengths are the same as those used for the carbonabundance determinations of Paper I, but with new depth points inserted between each of the original levels to produce 78-level models. These models were computed with metal abundances that were scaled from solar (log N(0) = 8.90 on the scale having log 7V(H) = 12.0).
Non-LTE oxygen line-strength calculations followed the general precepts of Eriksson and Toft ( 1979) , who used a modified Auer, Heasley, and Milkey ( 1972) code and a Baschek, Scholz, and Sedlmayr (1977) model oxygen atom. Lines included in the model oxygen atom are/1 1356, À 3947, A 61574 77714 77744 77754 9263, andA 11299.Testcalculations showed À 6455 (3p 5 P -5s 5 S) to be sufficiently weak that it could safely be excluded. In general, five frequency points (0.00, 0.31, 0.83, 1.88, and 5.00 Doppler widths at T = 10 4 K) were used in the line-strength computations. Collisional ionization rates were computed via the ECIP formalism of Summers (1974) . Photoionization was included only for levels 2p 4 3P, 3/5' °, 3p 5 P, 3d 5 D °, 4p 5 P, and 4d 5 D °, as test computations showed negligible cross sections for 4/5 0 and 5/5°. Five frequency points were chosen to represent each photoionization continuum. Continuous opacities from H~, H 2 + , C i, Mg i, Si i, H i, Rayleigh scattering, and Thomson scattering were included. In four iterations all transitions at all depths had corrections corresponding to a relative change of less than 0.01% of the radiation field. In taking into account effects of microturbulence (^urb+t&ermai =DBV 2 ), we adopted DBV(oxygen) = 4.6 km s~ \ the same value that was used for the carbon and nitrogen determinations of Paper I (DBV = Doppler broadening velocity ).
Our derived oxygen abundances are presented in Table IL  Iron, 
IV. UNCERTAINTIES
A discussion of abundance uncertainties that result from systematic equivalent-width bias, molecular dissociation equilibrium effects on the atmospheric T-r relation, zeropoint ambiguity in the atmospheric color-temperature relation, specific treatment of convection, and uncertainty in microturbulence appears in Paper I, and will not be repeated here. From analysis of several plates for the same star, we estimate a random uncertainty of + 0.2 in [O/Fe] . Table  III shows how derived abundance is affected by variation in adopted effective temperature, surface gravity, and microturbulence. It is clear that uncertainty in microturbulence is our most significant source of error. In addition, since its effect is progressively more important for the metal-rich stars, errors in it can lead to fictitious systematic trends in plots of [O/Fe] There is uncertainty in the non-LTE calculations from important atomic parameters, including the photoionization cross sections. The transition coefficients are fairly well known, except for A 1356, whose/ value has a negligible effect on the triplet lines (since the/1 1356 transition is forbidden). For a direct comparison with the results of Baschek et al ( 1977) , we calculated the oxyen line equivalent widths for a model with r cff /logg[A/H] = 7500/2.5/ -1.0 and with a constant microturbulence (0 and 5 km s _1 ). Our equivalent widths turned out to be about 7%-8% lower than those computed by Baschek et al. This means that our derived oxygen abundances are about 0.09 dex higher than those that would have been found by Baschek et al. might not differ significantly from the other field stars. The overabundance of oxygen in the metal-rich RR Lyraes is even more surprising, however. The results of Eriksson and Toft ( 1979) for 20 giants are consistent with a solar O/Fe ratio. Later work both on dwarfs (Clegg, Lambert, and Tomkin 1981) and giants (Lambert and Ries 1981; Kjaergaard et al. 1982) give [Ö/Fe]~ -0.5 [Fe/H] for disk stars. This relation has a slope of opposite sign to the one found here. Even if the correlation in Fig. 1 is not real, the high oxygen abundances for the metal-rich RR Lyraes are problematic. We now consider possible ways to reconcile conflicting results.
First of all, the trend seen in the present results might be due to systematic errors. (Note that we are using the term "trend" rather loosely, in that the statistics of the data also encompass the possibility of two or more discrete distributions. ) As noted in Sec. IV, the microturbulence is a major source of uncertainty. From Table III Table III , would be problematic. In particular, the revised iron abundances would be inconsistent with ( 1 ) RR Lyrae stars of similar A? in globular clusters of known metallicity (Butler 1975; Pilachowski et al. 1983; Smith 1984) and (2) the identification of the metal-rich RR Lyrae stars with an old disk population (Taam, Kraft, and Suntzeff 1976; Kraft 1977) . Provided that one can reliably estimate the microturbulence of a light element like oxygen from the curve of growth of a heavier element like iron, it is unlikely that our value is in error by more than 1.0 km s -1 . Since the oxygen lines are formed higher up in the atmosphere than the ionized iron lines, it is conceivable that a higher microturbulence applies to the oxygen lines (although we have no other indication of a height variation of microturbulence). Even if this were the case, however, a problem remains. An increase of about 2 km s _1 (for oxygen only) would eliminate the trend, but would also result in a mean [O/ Fe] = -0.10, already significantly too low for halo stars. An additional 2 km s -1 increase would be necessary to match the slope of the dwarf star data. Thus, although it may be possible to reduce the magnitude of the problem somewhat, it cannot be eliminated by considering errors in microturbulence alone. The effect of temperature and gravity errors can also be estimated from Table III . A large systematic error in temperature could help eliminate the trend, but would only increase the oxygen abundance for the metal-1986AJ 91. . 57 0B 573 BUTLER ETAL. : OXYGEN ABUNDANCES OF RR LYRAE STARS 573 rich stars. Finally, we note that the carbon abundances derived in Paper I using the same atmospheric parameters do not show any problem. Thus, the present results are probably real, not due to systematic errors. A second possible explanation for the different results for the RR Lyrae stars is abundance changes due to internal mixing. Since the RR Lyraes lie on the horizontal branch, it is plausible that mixing caused by the helium core flash has affected their surface abundances. If such a mixing event does not bring newly made carbon or oxygen to the surface, then the sum C + N + O will remain unchanged. (Clegg 1977; Peterson and Sneden 1978; Clegg, Lambert, and Tomkin 1981; Laird 1985) have shown that C/Fe and N/Fe are essentially solar throughout this range of iron abundance. Similar studies of disk giants (Lambert and Ries 1981; Kjaergaard et ai. 1982) give results consistent with the dwarfs, while halo giant abundances (Kraft et al 1982) show small systematic differences for carbon and nitrogen. The giants show evidence for internal mixing of material processed through the CN cycle, but not the ON cycle. Adopting solar C/Fe and N/Fe ratios, it is clear that for the non-RR Lyraes (C + N + 0)/Fe behaves like O/Fe alone. The (C + N + 0)/Fe ratio in metal-poor RR Lyraes could be consistent with these other field stars, so that ONcycle processing could possibly account for the depletion of oxygen. Carbon and nitrogen abundances for the most metal-poor stars here would easily test this possibility. The metal-rich RR Lyraes, however, are clearly inconsistent with the other field stars if only CNO-cycle processing has occurred. Mixing of triple-alpha products to the surface would be necessary to increase C -f N + O, but this is apparently ruled out by the carbon and nitrogen abundances from Paper I. Carbon is not enhanced, and nitrogen is only somewhat enhanced (when measured), consistent with CN-cycle processing, but not helium burning (e.g., Iben and Truran 1978) .
A third possible explanation for the present results is diffusion. Calculations by Michaud, Vauclair, and Vauclair (1983) for metal-poor horizontal-branch stars show that diffusion will produce large increases in observed CNO abundances, with nitrogen showing the greatest change. If turbulence is included, the size of the predicted increase is greatly reduced, with nitrogen still showing the greatest increase and carbon the least. Especially in view of the large uncertainties (Michaud et al. 1983 ), these results suggest that diffusion could possibly produce overabundances of nitrogen and oxygen, while leaving carbon nearly unchanged. Again, further nitrogen abundances would be helpful in testing this possibility. The RR Lyrae abundances, however, would require diffusion to be effective only in the more metal-rich stars, which contradicts the prediction that diffusion would be least effective in these stars (Michaud et al. 1983 ) .
In summary, no systematic errors have been found that account for the unexpected RR Lyrae oxygen abundances, and both internal mixing and diffusion can probably be ruled out. Thus, although different from results for other field stars (at least at the metal-rich end), the measured abundances apparently represent the original composition of the RR Lyrae stars. A final point concerns the origin of the metal-rich RR Lyraes. These stars are associated with an old disk population, and, hence, must have lost substantial mass to become RR Lyraes (Taam et al. 1976; Kraft 1977) . It is interesting to speculate that the few stars that achieve this feat selectively have higher oxygen abundances. Such a connection, if it exists, would probably be indirect, since a high oxygen abundance alone would make it harder to reach the instability strip.
